Imaging conducting domain wall dynamics at the atomic scale
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Conducting domain wall ferroelectrics is an emerging research focus in nano-electronics.1-2 The previously
overlooked domain walls have recently been reported to possess diverse functional characteristics that are
completely different from the domains that they delineate.3-5 They have their own distinct chemistry and
magnetic behavior6 and in turn representing a completely new conducting sheet phase. The characteristics of
these confined regions are believed to have the same exotic functional behaviors as seen in established 2D
materials such as graphene, opening up a plethora of possible electronic applications. In addition the walls
have the unique property of being 'agile'; they can be created or destroyed and even by controllably moved
by an external electric field. However this is an area of research at its very early stages with a great deal of
the fundamental physics unknown. With the region of interest atomically thin and dynamic it is essential for
the physical characterization to be at this scale and time resolved.
In this study we investigate the 2D domain wall atomic arrangement of (Pb,Sr)TiO 3 crystals using high
resolution transmission electron microscopy. It is vital to visualize and interpret the displacement of atoms
and thus molecular dipole at these boundaries with changing domain polarization so we can in future control
the potential device ferroelectrics. Additionally we studied the chemical nature and its variation along the
boundary by high angle annular dark field in scanning mode with complimentary atomic resolution energy
dispersive x-ray and electron energy loss spectroscopy. To study the dynamic nature of these 2D sheets we
utilized the electron beam probe itself to not only image, but also to write/create the domain walls providing
valuable in-situ insights into the fundamental processes of defect formation and charge carrier behavior.
Finally we examined with an in-situ biasing microscope stage the effect of an applied electric field to the
atomic arrangement of the 2D region, while simultaneously investigating the electron beam induced currents
produced by the probe.
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